Abstract. For over four decades, the Skyrme functional within various parametrizations has been used to calculate nuclear properties. In the last few years there was a number of attempts to improve its performance and introduce generalized forms. In particular, the most general phenomenological quasi-local energy density functional, which contains all combinations of density, spin-density, and their derivatives up to the sixth order (N 3 LO), was proposed in [1] . Since in the phenomenological-functional approaches, the particle-particle (pp) channel is treated independently of the particle-hole (ph) channel, there remains a question of what pairing interaction is suitable to use within the N 3 LO energy functional. In the present study, we use the separable, finite-range, translationally invariant interaction given in [2] and we present the first test-case application of this pairing interaction within the code HOSPHE that is able to treat the N 3 LO energy density functional.
Construction of the N 3 LO functional
Following [1] , the construction of the N 3 LO functional can be outlined in three steps. First we define basic building blocks: (i) the general non-local densities, which include both the scalar and vector (spin) terms, ρ( rσ, r ′ σ ′ ) = 1 2 ρ 00 ( r, r ′ )δ σ,σ ′ + 1 2 µ=−1,0,1
(ii) the derivative operator,
and (iii) the relative momentum operator,
In the second step, we construct more general building blocks: (iv) the tensor derivative operator of order m and rank I, and in analogous way (v) the tensor operator of relative momentum,
and finally (vi) the generalized local (primary) density,
In the third step, we use the building blocks to construct the energy density,
and the energy density functional (EDF) is defined as the integral of H( r). Each term in the summation in Eq. (7) can be characterized by its order, which is defined as:
This general EDF contains a large number of coupling constants C n ′ L ′ v ′ J ′ mI,nLvJ ; however, there are several symmetries (spherical, Galilean, gauge) that significantly reduce the number of terms in the energy density (7) (see [1] for details). 
Finite-Range Separable Pairing Interaction
In the phenomenological-functional approaches, the particle-particle (pp) channel is treated independently of the particle-hole (ph) channel. Traditionally, for the Skyrme functional, the delta pairing interaction,
or its density-dependent variant have been used. The main disadvantage of this pairing interaction is, however, its cut-off dependence, as discussed, e.g., in [3] . This requires using renormalization or regularization procedures (see [4] and references cited therein), which may depend on the order of derivatives appearing in the mean-field Hamiltonian. Because of this reason, we decided to apply in the pp channel of our phenomenological functional the finiterange separable pairing interaction, as it was introduced in [2] , which does not lead to any cut-off dependence. The finite-range separable pairing interaction is defined in the momentum representation as:
From the beginning, the total momentum, K = k 1 + k 2 , is separated from the relative momentum,
(10) ensures the conservation of the total momentum of the interacting pair. In terms of relative momenta, the pairing interaction for neutrons (ν = n) and protons (ν = p) is then defined by
where functions p(k) have the form of sum of m Gaussian terms
After the Fourier transform to the coordinate representation, one obtains
with
One can now express this pairing interaction by using its matrix elements in the standard harmonic oscillator (HO) basis. To this end, one can use two more transformations -the TalmiMoshinsky transformation to separate the total and relative coordinates and coupling of angular momenta of the interacting pair [5] . The final, fully separable, form of the pairing energy reads:
where G ± = (G n ± G p )/2 and V J,N J µν are the separable interaction matrix elements:
which include the Talmi-Moshinsky brackets M N Lnl nµlµnν lν , a 9j-symbol coming from the coupling of the two nucleons to total angular momentum J, and a radial integral which can be calculated analytically: (17) From relations (15)-(17), it follows that the free parameters of this pairing-interaction model are the coupling constants G + and G − , and m parameters a i . These parameters should be fitted to the experimental data.
Calculations and preliminary results
The finite-range separable pairing interaction was implemented into the recently developed code for calculation of spherical nuclei within the N 3 LO energy functional -HOSPHE [6] .
